1. Introduction
===============

More than half of the world population develop nonspecific symptoms of lactose intolerance such as abdominal distension and pain, bloating, and diarrhea after consumption of dairy products. This symptomatic response is, in general, a consequence of the deficiency in intestinal lactase, also known as hypolactasia, which leads to an inefficient digestion of lactose.^\[[@R1]--[@R3]\]^

The Gaxilose test (GT) is a new noninvasive diagnostic method for hypolactasia based on the oral administration of Gaxilose (4-*O*-β-[d]{.smallcaps}-galactopyranosyl-[d]{.smallcaps}-xylose), a synthetic disaccharide that is a close structural analogue of lactose. Gaxilose is hydrolyzed by intestinal lactase into 2 physiological products: galactose and xylose.^\[[@R4],[@R5]\]^ Xylose is passively absorbed^\[[@R6]\]^ and partially metabolized, with the rest appearing in blood and being finally excreted in urine. Total xylose amount in urine as well as xylose concentration in blood represent a measure of total lactase activity *in vivo.*^\[[@R4],[@R7],[@R8]\]^

An extensive preclinical and clinical development program was carried out for the GT with urine accumulated from 0 to 4 hours and from 0 to 5 hours and the Gaxilose blood test.^\[[@R4],[@R7],[@R8]\]^ It included the performance of 3 clinical trials, which demonstrated the tolerability and diagnostic accuracy of these tests, with excellent specificity, sensitivity and safety, higher than those of the hydrogen breath test (HBT) and lactose tolerance test, commonly used in the clinical practice.^\[[@R1]--[@R3]\]^ The GT with urine accumulated from 0 to 5 hours has been in fact commercialized in Spain since 2013.

However, many authors have insisted that the diagnostic accuracy is not sufficient to evaluate a new diagnostic test because its clinical benefit relies on its positive influence in patient management and well-being.^\[[@R9]--[@R12]\]^ As it is stated in the European Medicines Agency (EMA) guideline on Clinical Evaluation of Diagnostic Agents,^\[[@R13]\]^ the clinical utility of a diagnostic agent depends on whether it can decrease the diagnostic uncertainty and guide patient management. Performance of a prospective randomized clinical trial is the recommended strategy to evaluate the impact on diagnostic thinking and patient management of a new test in comparison with that of a preexisting commonly used test.^\[[@R9],[@R11]\]^

Therefore, the primary and the first secondary objective of this clinical trial were to demonstrate the noninferiority of the GT compared to the HBT on the impact on diagnostic thinking and patient management, respectively, for the diagnosis of hypolactasia. The HBT was selected as active comparator because it is the most frequently used diagnostic test for hypolactasia in the current practice.^\[[@R2],[@R14]\]^ The rationale behind the use of a noninferiority design was based on the absence to our knowledge of previous studies about the impact on diagnostic thinking and patient management of the HBT, as well as the subjective nature of the evaluated parameters.^\[[@R9],[@R12]\]^ As the GT has been proved to have higher diagnostic performance and fewer side effects than the HBT,^\[[@R8]\]^ noninferiority on the impact on diagnostic thinking and patient management was a suitable result. Additional secondary objectives were to demonstrate GT reproducibility with urine accumulated from 0 to 4 hours and from 0 to 5 hours after Gaxilose administration, since it had not been assessed previously. Finally, the safety of both diagnostic procedures was also evaluated.

2. Methods
==========

2.1. Patients
-------------

Patients of either sex aged 18 to 70 years who were able to understand and give the informed consent, presented clinical symptoms suggestive of lactose intolerance, had not been diagnosed yet, and fulfilled the requirements of the GT summary of product characteristics (SmPC)^\[[@R15]\]^ were enrolled in this study by the investigators in the Gastroenterology Service of 6 Spanish hospitals. Exclusion criteria included inability or reticence to give the informed consent or to comply with the study requirements, pregnancy or lactation, abnormal glomerular filtration rate, portal hypertension, medical records of total gastrostomy and/or vagotomy, myxedema, diabetes mellitus, participation in another clinical trial during the 3 months prior to inclusion in this study, drug abuse, treatment with antibiotics and antiparasitics 7 days prior to the HBT, consumption of aspirin or indomethacin in the 48 hours preceding the GT, or any disorder that might interfere with any of the diagnostic tests.

2.2. Design and randomization
-----------------------------

This study was a phase IV, multicentric, randomized, parallel, open-label, noninferiority clinical trial, with the HBT as active comparator. After assessment of the inclusion and exclusion criteria, each patient was randomly assigned to the GT arm or the HBT arm of the study. Allocation of the tests was performed in a 1:1 ratio stratified per center and blocked by 4 using a centralized online randomization system. The randomization was performed with the RERAND module of the electronic data capture software remote data capture (RDC) Onsite of Oracle, version 5.1 (Oracle Corporation, Redwood City, CA).

The study was conducted in accordance with the Declaration of Helsinki and with Good Clinical Practice guidelines, and was approved by the Ethics Committee for Investigation with medicinal products of the study (Ethics Committee for Investigation with Medicinal Products of the Hospital Universitario Ramón y Cajal, Madrid, Spain) and by the Ethics Committees of all the participating centers. All the patients provided written informed consent for their participation in the study.

2.3. Gaxilose test procedure
----------------------------

The test was performed in the 3 days following the patient\'s randomization. Patients had to fast for 10 hours and empty their bladder immediately before the test. Then, 0.45 g of Gaxilose were orally administered to the patients dissolved in 100 mL of water. Total urine excreted from 0 to 4 hours and from 4 to 5 hours after Gaxilose administration was collected in 2 different containers. Patients allocated to the GT arm had also to perform the Gaxilose retest. For that purpose, they repeated the same procedure with a washout period of 5 ± 2 days.

Total urine volume collected in each container was measured and 3 aliquots with 1.5 mL of urine from each container were stored at −20°C in each center. Among each set of 3 aliquots, 2 were transported to the study central laboratory (Clinical Analysis Laboratory of the Hospital Universitario de Getafe) frozen in dry ice. There, xylose quantification in 0 to 4 hours and 4 to 5 hours urine samples was conducted by the phloroglucinol colorimetric reaction described in the GT SmPC.^\[[@R15],[@R16]\]^ A total xylose amount in the urine collected from 0 to 5 hours after Gaxilose administration lower than 37.87 mg was indicative of hypolactasia diagnosis.

2.4. Hydrogen breath test procedure
-----------------------------------

Patients allocated to the arm of the HBT performed the test only once, in the 3 days following the patient\'s randomization. Dosage and measurement procedure were selected according to the site clinical protocol. A lactose dose comprised between 25 and 50 g dissolved in 250 to 500 mL of water was orally administered to the patient after fasting for 12 hours. The amount of hydrogen in the expired air was measured before lactose administration and at different times after the lactose overload. An increment of more than 20 ppm in the hydrogen amount with respect to the basal value was indicative of hypolactasia.

2.5. Impact on diagnostic thinking
----------------------------------

The impact on diagnostic thinking of both tests was assessed with a pretest and posttest visual analogue scale (VAS) questionnaire where the physician had to indicate his/her estimated probability for hypolactasia diagnosis before and after the performance of the HBT or the GT, being 0 "very improbable" and 100 "definitely probable." The pretest questionnaire was completed during the screening visit and the posttest questionnaire during the last visit of the trial in which the physician informed the patient about the result of the diagnostic test (1 month later). To avoid biases, the pretest VAS questionnaire was not available for completion of the posttest VAS questionnaire. Moreover, for the GT arm, only the result of the first GT was known for completion of the posttest VAS questionnaire.

For each patient, the absolute value of the difference between the score of the pretest and posttest VAS questionnaires was calculated. This difference represented the impact on diagnostic thinking and the primary variable of the trial. The values for the GT and the HBT were later compared between them.

2.6. Impact on patient management
---------------------------------

The impact on patient management was evaluated with the pretest and posttest management questionnaires in which the investigator had to indicate his/her expected therapy before and after the performance of the hypolactasia diagnostic test, respectively. The options represented all the clinical available possibilities of patient management (see Figure 1, Supplemental Digital Content, for an example of management questionnaire used during the clinical trial). The pretest questionnaire was completed during the screening visit and the posttest questionnaire during the last visit of the trial. To avoid biases, the pretest management questionnaire was not available to complete the posttest questionnaire.

The impact on patient management was evaluated through the percentage of patients who passed from "*No intervention*" or "*Prescription of additional diagnostic tests*" or "*Referral to another specialist*" at pretest to "*Diet adjustment and follow-up"* at posttest for each one of the diagnostic tests.

2.7. Test--retest reproducibility of the Gaxilose test with urine accumulated from 0 to 4 hours
-----------------------------------------------------------------------------------------------

The total xylose amount excreted in the urine collected from 0 to 4 hours of the Gaxilose test and retest was quantified by the phloroglucinol method as previously reported.^\[[@R15],[@R16]\]^ The reproducibility was evaluated through the intraclass correlation coefficient (ICC) and through the agreement Kappa coefficient,^\[[@R17]--[@R19]\]^ taking into account that the cut-off of the total xylose amount in urine accumulated from 0 to 4 hours is 27.58 mg.^\[[@R7],[@R8]\]^ Therefore, patients with a xylose amount lower than this value would be considered hypolactasic.

2.8. Test--retest reproducibility of the Gaxilose test with urine accumulated from 0 to 5 hours
-----------------------------------------------------------------------------------------------

The total xylose amount excreted in the urine collected from 0 to 5 hours during the Gaxilose test and retest was calculated after quantifying the amount of monosaccharide in the 0 to 4 hours and 4 to 5 hours urine fractions. The reproducibility of the test was evaluated through the ICC and through the agreement Kappa coefficient.^\[[@R17]--[@R19]\]^ In this case, the cut-off of the total xylose amount in urine accumulated from 0 to 5 hours is 37.87 mg.^\[[@R7],[@R8]\]^ Therefore, patients with a xylose amount lower than this value would be considered hypolactasic.

2.9. Safety assessment
----------------------

Adverse events (AEs) were reported during the performance of the test and the 72 hours following it. The investigators performed a telephonic interview with the patient 6 ± 3 days after the Gaxilose retest or 7 ± 3 days after the HBT, to ensure the communication of any AE suffered by the patient after the performance of the test(s).

2.10. Statistics
----------------

The expected sample size was 144 patients (72 per arm) assuming 10% of losses or withdrawals. It was estimated that 64 analyzable patients per diagnostic test would be required to achieve ≥80% power to detect noninferiority in the impact on diagnostic thinking between the GT and the HBT, using a one-sided 2-sample *t* test. The limit of noninferiority for the lower limit of the 95% confidence interval (CI) of the difference was fixed to −0.10 (−10%), assuming that the true difference between the diagnostic tests was 0 and that the data were drawn from populations with standard deviations (SDs) of 0.20 and 0.20. The significance level (alpha) of the test was 0.025. This sample size would also allow to achieving at least 80% power to detect an ICC \>0.6 under a Kappa coefficient estimation of 0.8.

The impact on diagnostic thinking and patient management was analyzed for all subjects in the intent-to-treat (ITT) and per protocol (PP) populations. The first one included all the randomized patients who performed the GT or the HBT and had at least one posttest assessment, and the second one included all subjects in the ITT population who completed the study without any major protocol violation. A noninferiority one-sided *t* test was used to compare the impact on diagnostic thinking between the tests. The margin of noninferiority was fixed to −0.10 that consists in a difference of −10%. A noninferiority 2-sided test based on the comparison of percentages through the binomial distribution approximation to the Gauss curve was used to compare the percentage of patients who passed from "*No intervention*" or "*Prescription of additional diagnostic tests*" or "*Referral to another specialist*" at pretest to "*Diet adjustment and follow-up"* at posttest for each one of the diagnostic tests. The margin of noninferiority was also fixed in −0.10 (−10%). GT reproducibility was analyzed for all subjects randomized to the GT arm who performed the test and retest (test--retest population); and safety data were analyzed for all subjects randomized who performed any of the diagnostic tests (safety population).

Data analysis, tabulations of descriptive statistics and inferential statistics were performed using SAS version 9.4 or higher and SAS Enterprise Guide version 7.1 (SAS institute, Cary, NC).

3. Results
==========

3.1. Demographic and baseline characteristics
---------------------------------------------

A total of 158 patients were screened for inclusion in this trial between October 2015 and October 2016. Among these, 154 patients were randomized, and 4 were excluded due to screening failure (Fig. [1](#F1){ref-type="fig"}). A total of 79 patients were randomly assigned to the GT arm of the study. Among them, 5 patients were withdrawn from the trial before performing the test and 74 performed the first GT. Four patients were withdrawn after the performance of the first GT but without performing the retest while 70 patients performed the Gaxilose retest. Finally, 2 patients withdrew their consent after performance of the Gaxilose retest, which was not valid due to the contamination of the collected urine samples. Regarding the other arm, 75 patients were randomized to the HBT arm. Among them, 74 performed the HBT, and only 1 patient was withdrawn from the study without performing the test. A total of 142 patients (92.21% of the randomized patients) completed the study procedures.

![Flow diagram presenting the disposition of patients during the clinical trial.](medi-97-e13136-g001){#F1}

Table [1](#T1){ref-type="table"} summarizes the demographic and baseline characteristics of the recruited patients. No significant differences were observed between both arms of the ITT population. More women than men were recruited in the study (75%--80%) as reported in previous Gaxilose clinical studies.^\[[@R7],[@R8]\]^ All the patients presented at least one symptom of lactose intolerance: abdominal distension, abdominal pain, diarrhea, flatulence, or other.

###### 

Demographic and baseline characteristics of the patients.
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3.2. Impact on diagnostic thinking
----------------------------------

The number of patients included in the ITT population was 147. Among those, 73 patients (49.66%) performed the GT, and 74 patients (50.34%) performed the HBT. Forty-two patients (28.57% of the ITT population) were diagnosed with hypolactasia and 105 patients (71.43% of the ITT population) were found to be normolactasic (Table [2](#T2){ref-type="table"}).

###### 

Results of the pretest and posttest visual analogue scale questionnaires and impact on diagnostic thinking, expressed as the absolute value of the difference between the pretest and posttest visual analogue scale scores.
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The impact on diagnostic thinking expressed as mean (SD) of the absolute value of the differences between the pretest and posttest VAS scores was 31.74% (23.30) for the GT and 24.28% (19.87) for the HBT (Table [2](#T2){ref-type="table"}). The difference between the impact of the GT and the HBT is 7.46% (95% CI: 1.55%, infinite). The limit of noninferiority was fixed in −10%. As the lower limit of the 95% CI of the difference is higher than this value, the noninferiority of the GT compared to the HBT on the impact on diagnostic thinking for the diagnosis of hypolactasia was demonstrated for the ITT population (*P* \< .001).

In the case of the PP population, the number of included patients was 139. Among those, 71 patients (51.08%) performed the GT, and 68 patients (48.92%) performed the HBT. Forty patients (28.78% of the PP population) received an hypolactasia diagnosis and 99 patients (71.22% of the PP population) were found to be normolactasic (Table [2](#T2){ref-type="table"}).

The impact on diagnostic thinking was 32.21% (23.32) for the GT and 24.44% (19.63) for the HBT (Table [2](#T2){ref-type="table"}). The difference between the impact of the GT and the HBT is 7.77% (95% CI: 1.70%, infinite). As the lower limit of the 95% CI of the difference is higher than the limit of noninferiority (−10%), the noninferiority of the GT compared to the HBT on the impact on diagnostic thinking for the diagnosis of hypolactasia was also demonstrated for the PP population (*P* \< .001).

3.3. Impact on patient management
---------------------------------

The results of the pretest and posttest management questionnaires are summarized for the ITT population in Table 1, Supplemental Digital Content. The option most frequently indicated in the pretest management questionnaire was "*Diet adjustment and follow-up*" (117 patients, 79.59% of the ITT population), followed by the option "*No intervention*" (16 patients, 10.88%), "*Other diagnostic tests*" (11 patients, 7.48%), "*Diagnostic test for celiac disease*" (2 patients, 1.36%), and "*Diagnostic test for Crohn\'s disease*" (1 patient, 0.68%).

In the posttest management questionnaire, the number of patients whose indicated option was "*Diet adjustment and follow-up*" decreased to 66 (44.90% of the ITT population), whereas the number of patients with the option "*No intervention*" increased to 41 (27.89%), probably due to fact that only 42 patients (28.57%) of the ITT population were diagnosed with hypolactasia, whereas 105 patients (71.43%) of the ITT population were found to be normolactasic. Additionally, "*Other diagnostic tests*" was the option chosen for 31 patients (21.09%), probably also due to high number of negative diagnoses obtained. The other options marked were "*Diagnostic test for celiac disease*" (4 patients, 2.72%), "*Diagnostic test for Crohn\'s disease*" (2 patients, 1.36%), "*Referral to another specialist*" (2 patients, 1.36%), and "*Referral to a nutritionist*" (1 patient, 0.68%).

The impact on patient management was evaluated through the percentage of patients who passed from "*No intervention*" or "*Prescription of additional diagnostic tests*" or "*Referral to another specialist*" at pretest to "*Diet adjustment and follow-up*" at posttest. Only 5 patients (6.85%) of the 73 patients included in ITT population in the GT arm and 4 patients (5.41%) of the 74 patients included in ITT population in the HBT arm had management questionnaires according to this condition. The difference between the values of the GT and the HBT is 1.44% (95% CI: −6.31% to 9.20%). As the lower limit of the 95% CI is higher than the limit of noninferiority (−10%), the noninferiority of the GT compared to the HBT on the impact on patient management was demonstrated for the ITT population (*P* = .007).

The results of the pretest and posttest management questionnaires are summarized for the PP population in Table 2, Supplemental Digital Content. The frequency of the options marked was very similar to that found for the ITT population. The percentage of patients who passed from "*No intervention*" or "*Prescription of additional diagnostic tests*" or "*Referral to another specialist*" at pretest to "*Diet adjustment and follow-up*" at posttest was 5.63% for the GT (4 patients out of 71) and 5.88% for the HBT (4 patients among 68). The difference between the value of the GT and the value of the HBT is −0.25% (95% CI: −8.00 to 7.50). As the limit of noninferiority was fixed in −10%, and the lower limit of the 95% CI is higher than this value, the noninferiority of the GT compared to the HBT on the impact on patient management was also demonstrated for the PP population of the trial (*P* = .02).

3.4. Test--retest reproducibility of the Gaxilose test with urine accumulated from 0 to 4 hours
-----------------------------------------------------------------------------------------------

GT reproducibility was analyzed for the 68 subjects included in the test--retest population. The results of Gaxilose urine test and retest with urine accumulated from 0 to 4 hours are presented in Table [3](#T3){ref-type="table"}. As it can be observed, 10 discrepancies were found between the 2 tests: 5 patients (7.35%) were classified as hypolactasic by the test and normolactasic by the retest and 5 patients (7.35%) were classified as normolactasic by the test and hypolactasic by the retest (see Table 3, Supplemental Digital Content, which indicates the xylose amounts obtained in each procedure for these patients). Taking into account those discrepancies, the Kappa coefficient was found to be 0.5913 (95% CI: 0.3639--0.8188). The obtained ICC was 0.5468.

###### 

Results of the Gaxilose urine test and retest with urine accumulated from 0 to 4 hours (test-retest population).
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3.5. Test--retest reproducibility of the Gaxilose test with urine accumulated from 0 to 5 hours
-----------------------------------------------------------------------------------------------

The results of Gaxilose test and retest with urine accumulated from 0 to 5 hours are presented in Table [4](#T4){ref-type="table"}. In this case, 6 discrepancies were found between the 2 tests: 3 patients (4.41%) were classified as hypolactasic by the test and normolactasic by the retest and 3 patients (4.41%) were classified as normolactasic by the test and hypolactasic by the retest (see Table 4, Supplemental Digital Content, which presents the xylose amounts obtained in each procedure for these patients). The obtained Kappa coefficient was 0.7548 (95% CI: 0.5692--0.9404) and the ICC was 0.5761.

###### 

Results of the Gaxilose urine test and retest with urine accumulated from 0 to 5 hours (test--retest population).
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3.6. Safety assessment
----------------------

Among the overall population of the trial (N = 158), 148 patients (93.67%) were included in the safety population. Among them, 74 patients (50% of the safety population) were exposed to the GT and 74 patients (50% of the safety population) were exposed to the HBT.

Table [5](#T5){ref-type="table"} presents the summary of the AEs registered during the clinical trial. No serious adverse events (SAEs) or AEs of severe intensity were reported. A total number of 170 AEs were registered during the study in 83 patients (56.08%), all of mild or moderate intensity. Among these, 143 AEs, suffered by 70 patients (47.30%) were related to the GT or the HBT.

###### 

Summary of adverse events registered during the clinical trial (safety population).
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The most frequent AEs were gastrointestinal disorders (143 among 170), specifically flatulence (28), abdominal distension (27), abdominal pain (26), nausea (20), and diarrhea (18). Gastrointestinal disorders were followed by nervous system disorders (20 among 170). Headache was the most frequently reported AE (14) in this group. The rest of AEs belonged to the group of respiratory, thoracic, and mediastinal disorders (3 among 170); skin and subcutaneous tissue disorders (2 among 170); renal and urinary disorders (1 among 170); and infections and infestations (1 among 170) (see Table 5, Supplemental Digital Content, which presents the complete list of AEs organized by system organ class).

Among the 74 patients exposed to Gaxilose, 24 patients (32.43%) presented 52 AEs related to Gaxilose, 36 mild and 16 moderate (Table [5](#T5){ref-type="table"}). It must be taken into account that 70 of the 74 patients exposed to Gaxilose performed the test and the retest, being exposed twice to the product. Considering only the AEs that emerged the day of the first GT and in the 72 hours following it, 37 AEs related to Gaxilose (24 mild and 13 moderate) were reported for 22 patients (29.73% of the patients who performed the Gaxilose first test) (Table [6](#T6){ref-type="table"}). The number of related AEs was higher for the 74 patients exposed to the HBT, as 91 AEs related to the test (59 mild and 32 moderate) were reported by 46 patients (62.16%) (Table [5](#T5){ref-type="table"}).

###### 

Summary of adverse events registered during the Gaxilose test and retest (safety population).
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Finally, there was a significant decrease in the number of AEs and the number of patients affected in the Gaxilose retest in comparison with the first test. As it can be observed in Table [6](#T6){ref-type="table"}, during the retest there were 15 AEs related to Gaxilose (12 mild and 3 moderate) in only 8 patients (11.43% of the patients who performed the Gaxilose retest).

4. Discussion
=============

The results of this clinical trial have demonstrated the noninferiority of the GT compared to the HBT on the impact on diagnostic thinking for the diagnosis of hypolactasia. To complete the primary objective, we adopted a pretest/posttest approach, which is generally recommended and has been widely used to study the impact on diagnostic thinking of diagnostic agents.^\[[@R9]--[@R11],[@R13],[@R20],[@R21]\]^ The difference between the impact on diagnostic thinking of the GT and the HBT was 7.46% (95% CI: 1.55%, infinite) for the ITT population and 7.77% (95% CI: 1.70%, infinite) for the PP population. The lower limits of the 95% CI are higher than the preestablished limit of noninferiority (−10%). Moreover, they are higher than 0, suggesting that the GT is in fact superior to the HBT on the impact on diagnostic thinking.^\[[@R22]\]^ It must also be pointed out that the results obtained for the ITT population and the PP population are almost identical. This fact is relevant in noninferiority clinical trials because many authors defend that errors in a trial conduct favor noninferiority.^\[[@R22]\]^ The similarity between the results of both populations is an indicator that the trial has been correctly designed, conducted, and monitored.

The secondary objective of this clinical trial was to demonstrate the noninferiority of the GT compared to the HBT on the impact on patient management. The pretest/posttest approach was also useful and has also been recommended for that purpose.^\[[@R9],[@R10],[@R13]\]^

The impact on patient management was evaluated through the percentage of patients who passed from "*No intervention*" or "*Prescription of additional diagnostic tests*" or "*Referral to another specialist*" at pretest to "*Diet adjustment and follow-up*" at posttest. In the case of the ITT population, only 5 patients (6.85%) of the 73 patients included in the GT arm and 4 patients (5.41%) of the 74 patients included in the HBT arm fulfilled this condition. In the case of the PP population, the number of patients was 4 (5.63%) among the 71 patients included in the GT arm and 4 (5.88%) among the 68 patients included in the HBT arm. The reasons behind these low numbers were related to 2 factors. First of all, as it can be seen in Tables 1 and 2 of Supplemental Digital Content, the option most frequently indicated in the pretest management questionnaire was "*Diet adjustment and follow-up*" (117 patients for the ITT population, 79.59%, and 111 patients for the PP population, 79.86%). This result should have been anticipated because the patients recruited in this clinical trial had to present clinical symptoms suggestive of lactose intolerance. The physician had to consider probable the diagnosis of hypolactasia, and therefore the adjustment of the diet would be the expected therapy for the majority of the patients. These patients were all ruled out for the calculation of the impact on patient management.

The second factor is related to the percentage of positive diagnoses of the study. The physician would change the expected therapy of a patient from "*No intervention*" or "*Prescription of additional diagnostic tests*" or "*Referral to another specialist*" at pretest to "*Diet adjustment and follow-up*" at posttest only if the result of the test indicates an hypolactasia diagnosis. However, the number of positive diagnoses was low: only 42 (28.57%) in the ITT population and 40 (28.78%) in the PP population. This percentage is lower than that found in the previous Gaxilose efficacy clinical trial, in which the positive diagnoses represented 53.2%, even though the inclusion and exclusion criteria were almost the same.^\[[@R8]\]^ A possible explanation could be that the number of patients with symptoms of lactose intolerance was low in the participating centers, and that this fact favored the recruitment of patients with a less clear symptomatology. Maybe, the number of participating centers should be higher in next clinical trials to compensate this possible bias.

In spite of this limitation, the noninferiority of the GT compared to the HBT on the impact on patient management was demonstrated, also with similar results for the ITT and PP populations of the trial. The difference between the impact of the GT and the HBT was 1.44% (95% CI: −6.31% to 9.20%) for the ITT population and 0.25% (95% CI: −8.00% to 7.50%) for the PP population.

Altogether, the results obtained demonstrate the noninferiority of the GT compared to the HBT on the impact on diagnostic thinking and patient management. Therefore, the clinical benefit of the GT has been proved, even more considering that the diagnostic accuracy of the GT was shown to be superior to that of the HBT, with significantly higher sensitivity and specificity values, in the previous phase IIb/III clinical trial.^\[[@R8]\]^ This study represents the first evaluation of the diagnostic and therapeutic impact of hypolactasia diagnostic methods.

The other secondary objectives were to demonstrate GT reproducibility with urine accumulated from 0 to 4 hours and from 0 to 5 hours after Gaxilose administration. The EMA guideline on Clinical Evaluation of Diagnostic Agents^\[[@R13]\]^ establishes that reproducibility assessments are more meaningful when they are performed in the same subject. For that purpose, the patients randomly assigned to the GT arm had to perform the test twice, following a test--retest reproducibility evaluation model.

The GT with urine accumulated from 0 to 4 hours is not commercialized, but its efficacy and safety were demonstrated in 3 clinical trials along with those of the GT with urine accumulated from 0 to 5 hours and those of the Gaxilose blood test. Its sensitivity and specificity were excellent, \>90%.^\[[@R7],[@R8]\]^ The aim of determining the test--retest reproducibility of this method was to gather information to evaluate the possibility of reducing the length of the GT 1 hour, and commercializing the test with urine accumulated from 0 to 4 hours.

The hypotheses preestablished in the trial protocol expected an agreement Kappa coefficient considered as at least substantial or almost perfect (\>0.6)^\[[@R23]\]^ and an ICC \>0.6.^\[[@R17],[@R18]\]^ However, as shown in Table [3](#T3){ref-type="table"}, the diagnoses of the test and retest were discrepant for 10 patients (14.71% of the test--retest population), the ICC was 0.5468, and the Kappa coefficient was found to be 0.5913 (95% CI: 0.3639--0.8188), indicating a moderate agreement between test and retest.^\[[@R23]\]^ In the case of the GT with urine accumulated from 0 to 5 hours, the diagnoses of the test and retest were discrepant for 6 patients (8.82% of the test--retest population) (Table [4](#T4){ref-type="table"}), the ICC was 0.5761, but the Kappa coefficient was 0.7548 (95% CI: 0.5692--0.9404), indicating a substantial agreement between test and retest.^\[[@R23]\]^ In the light of these results, it can be concluded that the test--retest reproducibility is better for the GT with urine accumulated from 0 to 5 hours. Consequently, the possibility of reducing one hour the length of the urine collection period of the GT is currently ruled out. On the other hand, to our knowledge, the reproducibility of other lactose malabsorption diagnostic methods (biopsy, HBT, lactose tolerance test) has not been evaluated in the same subject and in a period of time as short as 5 ± 2 days. Therefore, the reproducibility of the Gaxilose tests cannot be compared with that of other diagnostic methods.

Regarding safety assessment, the most important result was that no SAEs were detected during the conduct of the study (Table [5](#T5){ref-type="table"}), being all the 170 registered AEs of mild or moderate intensity. Considering only the first GT and the 72 hours following it, 37 AEs related to Gaxilose (24 mild and 13 moderate) were reported for 22 patients (29.73% of the patients who performed the first GT). These data represent a significant increase in the number of AEs and the percentage of patients affected when compared with previous Gaxilose clinical trials. No Gaxilose-related AEs were reported during the phase I and phase Ib clinical trials.^\[[@R7]\]^ During the phase IIb/III clinical trial, only 8 AEs in 5 participants among 205 (2.4%) in the urine test and 5 AEs in 4 participants among 203 (2.0%) in the blood test were reported as at least possibly related to Gaxilose.^\[[@R8]\]^ The reason underlying this significant increase in the number of AEs related to Gaxilose and the percentage of patients affected is unknown and cannot be explained. Nevertheless, the number of AEs reported and the number of affected patients was significantly lower during the Gaxilose retest (Table [6](#T6){ref-type="table"}) and closer to the data of the previous phase IIb/III clinical trial: 15 AEs related to Gaxilose (12 mild and 3 moderate) in only 8 patients (11.43% of the patients who performed the Gaxilose retest). This suggests that part of the AEs observed during the first test could be due to the anxiety of performing an unknown procedure, disappearing during the retest.

Concerning the HBT arm, the number of related AEs was higher, since 91 AEs related to the test (59 mild and 32 moderate) were reported by 46 of the 74 patients exposed (62.16%). These results were expected because the HBT is known to produce abdominal discomfort and other AEs due to the high doses of lactose administrated to the patients,^\[[@R24]\]^ which in our study were comprised between 25 and 50 g of lactose.

As general conclusion, the results of this clinical trial have demonstrated the noninferiority of the GT compared to the HBT on the impact on diagnostic thinking and on patient management for the diagnosis of hypolactasia both for the ITT and PP populations of the study, proving the clinical benefit of the performance of the GT. The reproducibility of the GT with urine accumulated from 0 to 4 hours was not as good as expected because the hypothesis of an ICC \>0.6 and of the agreement being considered as at least substantial was not verified. It must be reminded that this test is not currently commercialized. However, in the case of the GT with urine accumulated from 0 to 5 hours, even though the ICC was close to but \<0.6, the Kappa coefficient was indicative of substantial agreement between the test and retest diagnoses.^\[[@R23]\]^ Finally, the GT can still be considered a safe diagnostic method because no SAEs were reported, and all the Gaxilose-related AEs were of mild or moderate intensity.
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